Natural rubber (NR) is produced by over 2000 plant species from approximately 300 genera [1] , and is a biopolymer containing poly(cis-1,4-isoprene) as the main component. NR from Hevea brasiliensis Müll.Arg. is used industrially for more than 100 years. Waste NR products, such as used tires, have been treated by combustion or stockpiling in landfills; however, these processes are hazardous to the environment and human health. Therefore, for treating rubber-derived wastes, the development of alternative treatment processes such as microbial degradation is required.
It has been reported that NR-degrading bacteria are widely distributed, and to date, NR-degrading Gram-positive and Gramnegative bacteria have been isolated and characterized so far [2] [3] [4] [5] [6] [7] . Gram-positive bacteria such as Streptomyces, Gordonia, and Nocardia express the latex clearing protein, Lcp, that is a b-type cytochrome that cleaves the carbon-carbon double bond of poly (cis-1,4-isoprene) [8, 9] . Additionally, an alternative rubber oxygenase (RoxA), encoded by the roxA gene, has been reported in the gram-negative bacterium, Steroidobacter cummioxidans strain 35Y [10, 11] . It has been reported that RoxA is an extracellular c-type cytochrome, containing two heme-binding motifs (CXXCH), which constitute the active site of this enzyme [12] . roxA orthologs have been found in other Gram-negative bacteria, including Haliangium, Myxococcus, Corallococcus, and Chondromyces species [13] . Recently, another roxA ortholog named roxB has been identified in strain 35Y [14] .
Gram-negative NR-degrading bacterium, Rhizobacter gummiphilus NS21
T (= NBRC 109400 T = BCC 58006 T ) was isolated from the soil of a botanical garden in Japan [6, 15] . Chemotaxonomic and phylogenetic analyses revealed that strain NS21
T is classified as a novel species in the genus of Rhizobacter, which also includes Rhizobacter bergeniae PLGR-1, Rhizobacter dauci H6, and Rhizobacter fulvus Gsoil 322 [16] [17] [18] , and has been presented as the type strain of this genus [15] . The strain NS21 T , in which the latA gene encodes a RoxA ortholog, grows on a NR-overlay agar medium forming a clearing zone on it, and depolymerizes poly(cis-1,4-isoprene) [19, 20] . However, knowledge of the whole genome sequences of gram-negative NR-degrading bacteria is limited except for that of Haliangium ochraceum DSM 14365 [21] . To get novel insights into the NR degradation pathway of gram-negative bacteria, the complete genome sequence of R. gummiphilus NS21 T was determined and the genes involved in NR degradation were identified. For DNA extraction, the cells of strain NS21 T were grown on Wx minimal salt medium [22] containing deproteinized NR [23] at a final concentration of 0.4% (v/v) at 30 C for three days. The cells were harvested by centrifugation at 10,000 Âg for 5 min and resuspended into STE buffer (10 mM TrisÀHCl pH 8.0, 1 mM EDTA, and 100 mM NaCl). Then, 1 mg/ml of lysozyme, 0.1 mg/ml of proteinase K, and 5% (w/v) of SDS were added and incubated for three hours at 50 C to break the cells. After phenol-chloroform extraction, a DNA was extracted by ethanol precipitation. The quality and quantity of genomic DNA obtained were assayed using Qubit 2.0 fluorometer (Life Technologies, MA, USA) and agarose gel electrophoresis, respectively. Genomic DNA was sequenced by single-end sequencing with the 454 GS FLX Titanium system (Roche, Basel, Switzerland) and paired-end sequencing with Illumina HiSeq 1000 system (Illumina, San Diego, CA, USA). A total of 148,252,453 (324,197 reads) and 79,749,549 nucleotides (884,522 reads) were obtained by the GS FLX + and HiSeq 1000 systems, respectively. These sequencing data were assembled by Newbler ver. 2.6 (Roche).
Annotation was performed using NCBI Prokaryotic Genome Annotation Pipeline ver.3.1 [24] and RAST server [25] . The rRNA and tRNA genes were predicted using RNAmmer software [26] and tRNAscan-SE On-line [27] , respectively. Signal peptides cleavage site prediction and COG analysis were performed using SignalP 4.1 Server [28] and WebMGA [29] , respectively. Pfam domain search was performed using Pfam ver 29.0 [30] . Transmembrane helices were predicted using TMHMM Server ver. 20 [31] . CRISPRfinder program online [32] and CRISPR Recognition Tool (CRT, V1.0) [33] . From inner to outer circle: GC skew (green and purple), G + C content (black), and CDS loci. CDS are colored with functional COG categories. CDS on the forward strand and reverse strand are described outside and inside of the black-colored ring, respectively (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article). were used for the search of the clustered regulatory interspaced short palindromic repeats structures of the NS21 T genome. Circular genome map was generated using CGView [34] based on the predicted open reading frames and RNA genes. The NS21 T genome contains one circular chromosome that was composed of 6,398,096 bp in length with a G + C content of 69.72% (Fig. 1) . The number of genes encoding proteins with a defined function, hypothetical proteins, tRNA, and rRNA were 3,425, 2,262, 59, and 9, respectively. Detailed features of the genome statistics results are shown in Table 1 . A total of 4810 CDS were assigned to functional COG categories as shown in Table 2 . TMHMM analysis indicated that 1365 amino acids contained a transmembrane helices motif. No CRISPR region was found in the NS21 T genome.
The genome sequence analysis revealed that three full-length 16S rRNA gene sequences, which are 100% identical to each other. The 16S rRNA gene sequence of strain NS21 T showed the highest identity with those of R. dauci H6 (95.9%) and R. fulvus Gsoil 322 (95.2%). The phylogenetic tree of 16S rRNA gene sequence constructed by the MAFFT program [35] using the NeighborJoining method revealed that strain NS21 T falls into the Rhizobacter species cluster with a high bootstrap value (Fig. 2) . The latA1 (formerly, latA) gene, which encodes rubber oxygenase and is responsible for the initial NR degradation by strain NS21 T has been previously identified [19] . In the present study, a homologous gene (latA2) was predicted by the genome analysis, and its amino acid sequence shared a similarity of 37% and 65% with those of latA1 and roxA, respectively. The heme-binding CXXCH motif, which was conserved in the amino acid sequences of LatA1 and RoxA, was also found in that of LatA2. To investigate the role of latA2 in NR degradation by strain NS21 T , this gene was deleted by gene replacement technique. The resulting latA2 mutant significantly lost the ability to form a clearing zone on a deproteinized NR-overlay agar medium, suggesting that latA2 is required for NR utilization by this strain (Fig. 3) . The enzymatic activities of latA1 and latA2 gene products have a synergistic effect on poly(cis-1,4-isoprene) degradation [20] . Furthermore, it has been reported that the latA1 deletion mutant is unable to utilize NR [19] . These results suggested that a synergistic effect of latA1 and latA2 is required for NR utilization by strain NS21 To identify the genes which are included in the β-oxidation pathway of strain NS21 T , the functional annotation of the NS21 T genome was performed. A previous study had revealed that the β-oxidation pathway is involved in NR utilization by Gordonia polyisoprenivorans VH2 [36] . As shown in Table 3 , a total of 94 genes that code for an aldehyde dehydrogenase (26 genes), an acyl-CoA synthetase (1 gene), an acyl-CoA dehydrogenase (24 genes), an NADPH-dependent 2,4-dienoyl-CoA reductase (2 genes), an enoyl-CoA isomerase (4 genes), an enoyl-CoA hydratase (16 genes), an acetyl-CoA acetyltransferase (thiolase) (10 genes), an α-methylacyl-CoA racemase (1 gene), and a 3-hydroxyacyl-CoA dehydrogenase (10 genes) were predicted. This result suggested that the β-oxidation pathway is involved in NR utilization by NS21
T . In summary, we report for the first time the complete genome sequence of Rhizobacter species. The genome sequence of the NS21
T strain contains of a circular chromosome. The functional annotation of the NS21 T genome revealed that the presence of two orthologs, which encode rubber oxygenases. Our data imply that these rubber oxygenase genes are involved in NR utilization by strain NS21
T . Furthermore, β-oxidation pathway genes, which are required for NR utilization were found in the genome.
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